Lyme disease, which is caused by the spirochete Borrelia burgdorferi, continues to be the major arthropod-associated disease in the United States (31) , despite numerous efforts to prevent and control it. Three major foci are now recognized in the United States; the Northeast, the upper Midwest, and the Pacific coastal states (31) . The disease was first recognized in the Midwest, in northwestern Wisconsin in 1970 (34); this was followed by the reporting of a cluster of cases there in 1978 (14) . During the next decade, Lyme disease slowly expanded from the initial focus, including southward nearly 100 miles (161 km) (12, 17) , and became endemic in a contiguous area bordering northern Wisconsin and Minnesota (10) .
The disease agent, B. burgdorfer, and tick vector, Ixodes dammini, have recently expanded farther south from this endemic focus (9, 33, 35) . Possible methods of this expansion include movement of infected ticks on white-tailed deer (Odocoileus virginianus) (free-ranging deer and fresh deer carcasses moved by hunters), pets, humans, and migratory birds. However, the north-south orientation of the expansion would suggest that either seasonal movement patterns of deer along the Mississippi watershed (16) or southwardmigrating birds (26) are involved in the expansion.
A number of tick species parasitize birds (19, 37) , and I. dammini is commonly found on birds within its known range (2, 7, 41) . B. burgdorferi was isolated from the liver tissue of a veery (Catharus fuscescens) (1) and from . dammini ticks parasitizing a number of species of birds (1, 3, 41) . In addition, engorged ticks, including larvae, that had been removed from birds remained infected with B. burgdorferi spirochetes following molting, and those spirochetes were infectious to hamsters (Mesocricetus auratus) and were * Corresponding author.
indistinguishable from the B31 strain (4) . Birds migrating south from and through the endemic focus in Wisconsin and Minnesota have been infested with larval and nymphal L dammini, some of which were infected with B. burgdorferi (41) . Since transovarial transmission of B. burgdorferi in I. dammini is generally inefficient (28, 32, 38) , the infection of larval ticks removed from birds indicates that birds may serve as reservoir hosts to infect ticks.
The study described here was conducted at the Saint Croix National Riverway in northwestern Wisconsin, in the middle of the Lyme disease-endemic focus, to further evaluate the role of birds as natural reservoir hosts for B. burgdorferi and to determine the species of birds involved as maintenance and dissemination hosts.
MATERIALS AND METHODS
Study site and field sampling. The Saint Croix River is a northern tributary of the Mississippi River, and it forms the border between Minnesota and Wisconsin north of St. Paul, Minn. The study site is located along the Wisconsin side of the river within the Saint Croix National Riverway and is described elsewhere (41) . Birds were captured with groundlevel mist nets. After the species and ages of the birds were determined, they were banded with U.S. Fish and Wildlife Service leg bands, and a small amount of blood (<0.05 ml) was taken from the jugular or brachial vein with a 26-to 27-gauge needle and a 1-ml syringe (39) . The birds were released immediately in the vicinity of their capture. Several drops of whole blood from each bird were dispensed directly into 7 ml of Barbour-Stoenner-Kelly (BSK) culture medium in the field. In order to minimize contamination, the skin of each bird was cleansed with 70% alcohol at the site where the needle was inserted for blood specimen collection and the cap of the culture tube was opened only partially and (5) .
Animal inoculation. The cultures used were passaged four times or less in vitro. To examine infectivity, 0.2 ml from the second passage, which contained about 10i spirochetes per 0.1 ml, was inoculated subcutaneously and intraperitoneally into each of two adult white-footed mice (Peromyscus leucopus) obtained from an uninfected, laboratory-reared colony. Ear biopsy specimens were taken 4 weeks later, and the specimens were placed in BSK I medium and were incubated at 34°C (36) . Golden Syrian hamsters (Mesocricetus auratus) received 1 ml of the second passage intraperitoneally and were dissected 2 weeks later. The blood, heart, spleen, kidney, liver, and bladder were homogenized in BSK medium, diluted 1:10 in BSK medium supplemented with 0.15% agarose, and incubated at 30°C (23 Laemmli (25) . For electrophoresis, bacteria were harvested by centrifugation at 4°C. The pellet was washed three times with ice-cold 10 mM phosphate-buffered saline (pH 7.2). The final resuspension in 0.0625 M Tris was vortexed, and aliquots were stored at -70°C. The protein content was determined by using a detergent-compatible protein assay (Bio-Rad, Richmond, Calif.). Linear gradient gels (7.5 to 15.0%) (18) were poured at 4°C into a multiple gel caster (Hoefer Scientific Instruments, San Francisco, Calif.) according to the manufacturer's instructions. A 3.75% stacking gel was prepared on the day of electrophoresis. Protein samples were diluted appropriately in sample buffer (0.0625 M Tris, 2% SDS, 15 mM dithiothreitol, 27% sucrose, and 0.002% bromophenol blue) and boiled for 2 min, and a total of 10 ,ug of protein was loaded per lane. Electrophoresis was carried out at 35 mA of constant current per gel at room temperature. For Western immunoblots, proteins were transferred to Immobilon P membranes (Millipore, Bedford, Mass.) at 1 A of constant current for 30 min by using the buffers of Towbin et al. (40) . So that the protein profiles of the Borrelia strains could be examined, the gel was stained for 1 h in Coomassie brilliant blue, destained overnight, and then dried.
Western immunoblot. The immunoblot was quenched for 1 h in 0.5% instant dry milk (diluent); this was followed by a 45-min wash with 0.1% Tween 20-Tris-buffered saline (TBS; 20 mM Tris, 500 mM NaCl [pH 7.5]). MAbs H9724 and H3TS were diluted 1:100 and 1:200, respectively. Immunoblots were incubated for 1 h in the MAbs, washed twice in 0.1% Tween 20-TBS, and then incubated for 1 h with goat anti-mouse immunoglobulin G (IgG) conjugated with alkaline phosphatase (Kirkegaard & Perry Laboratories, Gaithersburg, Md.) that had been diluted 1:1,500. The immunoblots were washed twice with 0.1% Tween 20-TBS, twice with TBS, and twice with barbital buffer (150 mM sodium barbital [pH 9.6] with glacial acetic acid). Color development was performed at 22 to 23°C with a developing solution consisting of 300 ,ug of Nitro Blue Tetrazolium per ml, 150 ,ug of 5-bromo-4-chloro-3-indolyl phosphate per ml, and 813 ,ug of MgCl-6H20 per ml in barbital buffer.
DNA preparation and techniques. Total (genomic) DNA was isolated from Borrelia strains (20) . The moles percent G+C content of the Borrelia DNA was determined by the method of Marmur and Doty (29) . In situ-lysed DNA samples from each Borrelia isolate and strain were examined by contour-clamped homogeneous electric field pulsed-field gel electrophoresis (CHEF PFGE) as described previously (21) .
RESULTS
Isolation of spirochetes. Thirty-nine adult birds of 17 species were captured at the study site during 14 to 19 June 1991, and their blood specimens were cultured for the presence of spirochetes ( Western immunoblots (Fig. 1) (Fig. 2) . The range in the sizes of the proteins examined was from 10 to 100 kDa. The major proteins ofB. burgdorfien that we observed included those of 62, 41, 34, and 31 kDa. Although a very weak protein band (Fig. 3) 
DISCUSSION
This report contains the first description of a confirmed isolation of B. burgdorferi from the blood of a naturally infected bird and the first indication that song sparrows may be implicated as reservoir hosts for Lyme disease. In previous studies, spirochetes initially grew in BSK medium cultures of blood from six different free-ranging species of birds in Connecticut, but the spirochetes did not survive in culture to be identified (3), B. burgdorferi spirochetes were isolated from the liver but not from the blood of a veery (1), burgdorfiei (1) . The current isolation of B. burgdorfen from the blood of a song sparrow combined with the previous results on the infection of larval L dammini ticks removed from song sparrows confirm the reservoir potential of this species. The song sparrow may not be any more important as a reservoir host for B. burgdorfen than other avian species, but rather, it is one of many species of birds that nest and forage on the ground and that are natural hosts for the tick vector and spirochete pathogen of Lyme disease.
Apparently, however, not all avian species are competent reservoirs for B. burgdorfen (30) . Birds probably acquire B. burgdorferi from infected L dammini nymphs and then subsequently infect larval I. dammini that attach later in the summer. The relative importance of birds to the local maintenance and amplification of Lyme disease is unknown. Nevertheless, birds that are summer residents within disease-endemic foci, such as the veery, song sparrow, Amer- ican robin (Turdus migratorius), and ovenbird (Seiurus aurocapillus), and those northern species like the gray-cheeked thrush (Catharus minimus) and northern waterthrush (Seiurus noveboracensis) that pass through disease-endemic foci during migration can carry both the spirochete and infected ticks with them to southern locations during their fall migration. 
